ABSTRACT
RESUMO

Considerando a possibilidade de ser empregada como alternativa racional na terapia com fluidos, avaliaram-se os efeitos de uma nova solução eletrolítica intravenosa, desenvolvida para uso veterinário, sobre os equilíbrios eletrolítico e ácido base de equinos. Oito equinos adultos sadios, quatro machos e quatro fêmeas, foram submetidos a dois tratamentos em delineamento cross-over: solução salina isotônica (SI) e solução teste (ST),
and acid-base imbalances can be severe in some horse diseases, particularly those that affect the digestive tract and cause colic (DI FILIPPO et al., 2008) . The rapid correction of these imbalances can only be achieved via intravenous administration of electrolyte solutions (MAGDESIAN, 2015) . Crystalloid solutions that carry electrolyte concentrations that are relatively balanced with those of the plasma and exhibit osmolarities that are similar to that of the plasma are denominated as iso-osmotic or isotonic and are appropriate for large volume infusions (RADOSTITS et al., 2007) .
The isotonic saline solution (NaCl 0.9%), Ringer's solution, and Lactated Ringer's solution (LRS) are produced in Brazil for human use, have iso-osmotic properties, and are, also, employed in the treatment of horses. In the brazilian veterinary market, few solutions are available for use in horses. These solutions typically do not have balanced electrolyte concentrations and contain elevated concentration of glucose, which makes them hyperosmotic and unsuitable for administration in large volumes.
Evidence in humans has accumulated in support to the concept that hyperchloremia should be avoided because it is related to other indicators of poor prognoses and is associated with a high mortality rate (BONIATTI et al., 2011) . Sick individuals tend to retain chloride (Cl -) in the body due to reduction in the renal excretion of this ion (MASEVICIUS et al., 2013) , and the infusion of electrolyte solutions containing elevated Cl -concentrations may be unsuitable and contribute to the worsening of this imbalance (YOUNG et al., 2014) . Although scientific verification is needed, it has been suggested that the same principles can be applied to equine species (FIELDING, 2014) . In this context, LRS is the unique commercial option, available in Brazil, that contains reduced Cl -concentration and sodium-to-chloride ratio (Na + :Cl -) that is similar to that of the plasma. Due to these features, LRS should be considered as unique among the polyionic solutions as truly balanced and safe for prolonged administration in large volumes, because it does not cause iatrogenic electrolyte or acid-base imbalances (COSENZA et al., 2013) .
A new electrolyte solution was developed for veterinary use. This solution is composed of electrolyte concentrations that are relatively similar to those of the plasma in physiological conditions, and contains reduced Cl -concentration and a high Na + :Cl -ratio. Due to its composition, this solution is probably an alternative to LRS for fluid therapy in horses, but its safety requires testing. The aims of this research were to evaluate the effects of this new electrolyte solution on the electrolyte and acidbase balances of healthy horses and to identify the possible adverse effects.
MATERIALS AND METHODS
The tested solution (TS) had the following composition: 145mEq L -1 of sodium (Na
, 60mEq L -1 of lactate, and 50g L -1 of dextrose. An ampoule containing 2mg of cyanocobalamin was added to each 500mL bottle of the solution at the time of infusion. The calculated osmolarity was 562mOsm L -1 , which is similar to the osmolarity of 5% dextrose in 0.9% NaCl commercial solution.
Eight healthy adult horses (10.3±2.1 years), including four males and four females, weighing 389.3±53.2kg, were used in the current study. The females were not pregnant or lactating. The animals received ivermectin and praziquantel a , and were kept in Coast-cross (Cynodon dactylon) grass paddocks. They were fed with the same grass hay as complement, and had free access to water and mineral supplement.
Each horse was subjected to two treatments in a randomized cross-over design. The order of the treatments was determined by drawing and the interval between treatments was five days. In the control treatment, the animals received commercial isotonic saline (IS) solution (NaCl 0.9%) b . In the test treatment, the animals received the TS described above. A 14G IV catheter c was fixed in the jugular vein and the solutions were infused at a rate of 17mL kg -1 h -1 , over 3 hours of continuous administration for a total volume that corresponded to 5% of body weight (BW). Physical examinations, including rectal temperature and heart and respiratory rates measurements, were performed every hour during the intravenous infusions and preceding the defined blood sample collection time points. After the beginning of each treatment, the horses were continuously monitored for 24 hours to evaluate their behaviors, appetites and attitudes.
Venous blood samples were collected at the following five specific time points: immediately prior to the start of the infusion (0h), at the end of the infusion (3h), and at 6h, 9h, and 24h. The blood samples were collected by jugular puncture with the vacuum collection system 21G needle (25x0.8mm), and vials containing sodium fluoride, for plasma glucose and L-lactate measurements; and vials with no anticoagulant, for total calcium (Ca), phosphorus (P), and magnesium (Mg) determinations. The plasma was obtained by centrifugation that was performed at most ten minutes after sample collection, and the analyses were performed within 8 hours. The blood sera were obtained by centrifugation after clot retraction and were preserved by freezing (-20ºC) until analyses. Venous blood samples intended for blood gas analyses were collected from the jugular with 3mL plastic syringes, coupled to 21G hypodermic needles (30x0.08mm) containing approximately 0.08mL of sodium heparin as anticoagulant. The analyses were performed immediately after collection.
The plasma concentrations of L-lactate and glucose and the serum concentrations of Ca, P, and Mg were determined with colorimetric methods d . Blood pHv, pCO 2 v, HCO 3 -v, base excess (BEv), Na
-, and ionized calcium (Ca ++ ) were determined with a blood gas analyser e . The following variables were calculated according to the respective formulas:
Anion Gap: AG = (Na
. Two-way repeated measures analysis of variance was initially used to test the effects of time factor (before and after the administration of the solution), sex factor (males x females), and the interaction between these two factors. Subsequently, two-way repeated measures analysis of variance was used to test the effects of time factor (before and after the administration of the solution), treatment factor (IS x TS) and the interaction between these two factors. Tukey's test was used for multiple comparisons, and the P-value was 0.05. The SigmaStat 3.1 package for Windows was used to perform these tests.
RESULTS AND DISCUSSION
The studied variables were not influenced by the sexes of the animals (P>0.05), and the data analyses were performed ignoring this factor. The interactions between the factors time and treatment were proven (P<0.05) for all of the variables with the exception of K (RADOSTITS et al., 2007; CARLSON & BRUSS, 2008) . In contrast to the TS, the isotonic NaCl solution (IS) caused a slight acidifying effect at the end of the infusion. The reductions in the pHv and BEv values (P<0.05; Table 1 ) characterized the condition, and although acidemia was not present, the average BEv value was slightly below the lower physiological limit of 0mmol L -1 (RADOSTITS et al., 2007) . This imbalance was low in magnitude and transient, but the BEv remained low three hours after the end of the IS administration.
The pHv, pCO 2 v, HCO 3 -v, and BEv values observed at the end of the infusion were always lower when horses received the IS (P<0.05), which characterized the distinct effects of both solutions on the acid-base balance. With the exception of the pCO 2 v value, these differences were prolonged for up to six hours after the end of the infusion (Table 1) . Compensatory hypocapnia is the expected physiological response to situations of metabolic acidosis, and this response serves to correct acidemia and maintain the blood pH within physiological limits (CARLSON & BRUSS, 2008) . In the studied horses, hypocapnia was not observed, likely because these animals developed mild acidosis after receipt the IS. The mean pCO 2 v values did not differ over time, but the variability was greater at the end of the IS infusion, which reflected this physiological response.
Regarding the electrolyte balance, the two solutions triggered opposite imbalances, especially in terms to Cl -concentrations and plasma SID. The administration of the IS caused relative hyperchloremia at the end of the infusion (P<0.01) and did not interfere with the Na + concentration (P>0.05). This change affected the plasma SID, which was reduced at the end of the infusion (P<0.05, Table 1 ). In contrast, the TS reduced the concentration of Cl -(P<0.01), which caused hypochloremia at the end of the infusion and also reduced the Na + concentration (P<0.05) but did not cause hyponatremia. Because there were decreases in both ions, the plasma SID in this case did not suffer interference and did not change over time (P>0.05). Similar to the Na + concentration, the K + concentration remained within the physiological range of the species (CARLSON & BRUSS, 2008) , and the effects of the two solutions on this electrolyte did not differ (P>0.05); both were characterized by slight decreases at the end of the infusions (P<0.05).
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in the plasma, as defined by those ions that are always present in dissociated forms at physiological pH (CONSTABLE, 2000) . The SID is therefore a measure of the relationship between the main plasma ions, notably Na + and Cl -, present with higher concentrations. The same concept can be applied to the electrolyte solutions. While the IS has an effective SID equal to 0mEq L -1 , due to the equivalent amounts of Na + and Cl -(154mEq L -1 each), the TS has an effective SID equal to 54mEq L -1 because the concentration of Cl -(96mEq L -1 ) is less than that of Na + (145mEq L -1 ). Therefore, when administered rapidly and in large volumes, the NaCl isotonic solution causes hyperchloremia and consequently reduction in plasma SID (CONSTABLE, 2014) , which explains the results observed in the studied horses. In contrast, the TS contains concentrations of Na + and Cl -that are more similar to those of the plasma and thus does not interfere with the plasma SID.
Based on the simplified strong ion approach applied to the interpretation of the acid-base balance, it can be said that the acidifying effect observed with the IS infusion resulted from the electrolyte imbalance caused by this solution (CONSTABLE, 2014) . For example, in diarrheic calves, the blood pH value may be reduced by 0,013 units for each 1.0mmol L -1 decrease in the plasma SID value (CONSTABLE et al., 2005) . The same concept can be applied to equine plasma (CONSTABLE, 1997). Thus, because the isotonic NaCl solution causes hyperchloremia and acidification (hyperchloremic acidosis), this solution could be considered an appropriate electrolyte solution for infusion into animals with hypochloremic metabolic alkalosis.
Regarding the TS, the absence of interference with the acid-base balance is attributable to the absence of effect on the plasma SID, although this solution caused transient hypochloremia. In this regard, the TS exerted effects that were more similar to those of LRS, which does not cause electrolyte or acid-base imbalances even when administered in volumes corresponding to 10% of BW (COSENZA et al., 2013) . Similar to LRS, which is considered a balanced electrolyte solution, the TS contains electrolyte concentrations that are relatively similar to those of the plasma, which explains the absence of iatrogenic imbalances. However, in contrast to LRS, which has an effective SID of 28mEq L -1 , the TS has a nearly two-fold greater effective SID value. Judging from the results that have been recently demonstrated in healthy calves, regarding the comparative effects of solutions containing different sodium lactate concentrations (JUNQUEIRA et al., 2015) , this feature would most likely provide the TS with an alkalizing effect following administration in volumes greater than those used in the current study. Due to its properties and effects, the TS should most properly be indicated for infusion into horses suffering from hyperchloremic metabolic acidosis and those without electrolyte imbalances.
Notably and as previously mentioned, the iatrogenic electrolyte imbalances observed in the studied horses were mild and transient. The alterations in the Cl -and SID values that were observed at the end of the infusions did not differ from the baseline values after 3 hours ( Table 1 ). The low magnitude of the imbalances is attributable to the fact that the infused volume was limited to only 5% of BW. The short duration of the imbalances was likely because healthy animals were used; therefore, the animals' kidneys were capable of promoting the efficient correction via selective ion excretion or retention.
Assuming that 1.5mmol L -1 is the upper physiological limit of the L-lactate concentration in the equine plasma (TENNENT-BROWN, 2014), it can be stated that the TS infusion did not actually cause hyperlactatemia in the studied horses. The increased values observed at the end of the infusion (4.3-fold greater than the baseline values; P<0.001) returned to the baseline concentration 3 hours later, although the differences between the two solutions were maintained until this moment ( Table 1 ). Considering that the TS has 60mEq L -1 of lactate, the horses received 3mmol of lactate per kilogram of BW; however, even at this dose, the horses did not develop hyperlactatemia. This finding can be explained by the very fast and efficient metabolism of the infused lactate in the healthy horses (DE PEDRO et al., 2012; TENNENT-BROWN, 2014) .
In a pharmacokinetic study, DE PEDRO et al. (2012) intravenously infused 1mmol kg -1 of L-lactate in healthy horses for 15 minutes and reported that most of the plasma clearance occurred within the following 20 minutes and reversed the hyperlactatemia present at the end of the infusion (1.97±0.17mmol L -1 ). Comparatively, the horses in the current study received a three-fold greater amount of lactate per kilogram of BW, however this lactate was administered at a four-fold lower rate (1mmol kg -1 h -1 ). It is correct to assume that lactate was continuously metabolized during the TS infusion, which thus avoided the installation of hyperlactatemia. Notably, the horses used in the current study were healthy and therefore had full hepatic metabolism capacities. It is likely that the metabolism of L-lactate is slower in horses suffering from liver disease, but the veracity of this hypothesis must be verified in future studies.
The AG was maintained unchanged (P>0.05) in the horses throughout the study. This finding can be explained by the absence of changes in the plasma L-lactate concentration when the horses received the IS and by the slight and transient variation in the plasma L-lactate concentration when the horses received the TS. This hypothesis can be stated because to a large extend, the AG reflects the plasma concentrations of unmeasured anions, and L-lactate must be highlighted among this anions (CONSTABLE, 2000) .
The glycemia did not change (P>0.05) with the infusion of the IS. In contrast, the dextrose (50g L -1 ) provided by the TS caused hyperglycemia at the end of the infusion (P<0,001) that remained present for 3 hours and returned to physiological and baseline values 6 hours later (Table 1 ). The hyperglycemia in the studied horses was justified because they were normoglycemic animals that received an additional intravenous glucose load. The relatively rapid reversion of hyperglycemia is attributable to the fact that the healthy horses responded promptly with the release of insulin and that their cells responded properly to the stimulation with this hormone via the uptake of glucose into the intracellular space (GRAAF-ROELFSEMA, 2014). In practice, the infusion of intravenous solutions containing dextrose in anorexic and hypoglycemic sick animals could be advantageous due to reductions in the negative energy balance and protein catabolism (MAGDESIAN, 2015) . The use of this solution for the treatment of animals with hyperglycemia is contraindicated. In normoglycemic animals, this type of solution must be carefully infused and may be considered safe since there is no insulin resistance (GRAAF-ROELFSEMA, 2014) .
Regarding the concentrations of Ca ++ , Mg, and P, it can be assumed that both the TS and the IS failed to cause interference. The variation in the serum concentration of Ca was minimal (P<0.05; Table 1) , and this finding has no biological significance. The concentrations of Mg and P were slightly below the lower physiological limits that are accepted for equine species (CARLSON & BRUSS, 2008) . The causes of these results remain unexplained, and these results are not related to the treatments performed.
Finally, it is notable that the infusion of the TS did not cause any apparent adverse effects in the studied animals. The horses remained healthy and exhibited good appetites and normal behaviors and attitudes during and after the infusions. The body temperature, heart and respiratory rates values remained unchanged and within the physiological ranges of variation that are accepted for this species. The same results were observed following the administration of the IS.
CONCLUSION
The electrolyte solution (TS) tested in the current study is presented as an option for fluid therapy in horses. The therapeutic efficacy of this solution should be proven in future studies. 
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